Conclusions: The quadratic model better fits LV isovolumic relaxation than the monoexponential model and can 26 detect early changes in relaxation due to acute myocardial ischemia that are not detectable with conventional 27 methods.
Introduction

29
During acute myocardial ischemia (AMI), left ventricular (LV) relaxation remains incompletely understood, 30 while it is a major determinant in diastolic dysfunction [1] . 'Relaxation' relates to the process where cardiac 31 muscle returns, after contraction, to its initial length or tension [2] . The fall of LV pressure (P) is the in vivo 32 manifestation of isometric relaxation and is the direct expression of cardiac muscle inactivation [3, 4] . The time 33 constant of LV relaxation derived from a monoexponential model is usually used as an index for evaluating LV 34 relaxation rate in both experimental and clinical studies [3, 5] .
35
It is well established that LV relaxation is non-uniform and that there is a significant interaction between non-36 uniformity and loading conditions [6] [7] [8] . In acute LV ischemia, the loading conditions influence both the 37 regional response to myocardial ischemia and the mechanical consequences of the interaction between the 38 ischemic zone and non-ischemic areas [6, 9, 10]. Since LV diastolic dysfunction may precede systolic 39 dysfunction during AMI, early detection of abnormal LV relaxation may be useful in clinical practice [11] .
40
LV relaxation is usually assessed by a monoexponential model of LV P fall in time [5] . However, this model 41 cannot capture the non-uniformity of ventricular relaxation and cannot discriminate early from late relaxation [ 
50
Materials and Methods
51
All experimental procedures and protocols in this investigation were reviewed and approved by the Ethics 
62
Respiratory settings were adjusted to maintain end tidal CO2 in the range of 35 to 40 torr (4.67 to 5.33 kPa).
63
Arterial oxygen saturation was closely monitored and maintained above 95% by adjusting the FiO2 as 64 necessary. Central temperature was measured with a rectal probe and maintained at 37°C by means of a heating 65 blanket. A standard lead electrocardiogram was used for the monitoring of heart rate (HR).
66
The chest was entered through median sternotomy, the pericardium was incised and sutured to the chest wall to 
88
Mathematical analysis
89
First derivative of LV P (dP/dt) was plotted against LV P to generate phase plane loops [16] . Indeed, 90 information about diastolic function that cannot be discerned from the usual P vs. time display format is easily 91 visualized and quantitated using the phase plane plot. Phase plane analysis is carried out on graphs of precisely 92 periodic or nearly periodic functions plotted such that the function is the abscissa and its time derivative is the 93 ordinate [5, 16] .The isovolumic relaxation period was defined as the period between the time point of peak 94 negative dP/dt (dP/dt min ) and the time at which dP/dt reached 10% of the dP/dt min value (Fig. 1) .
95
The quadratic model for LV P(t) during isovolumic relaxation was based on the logistic function and 96 defined [15] :
where P° is the initial P at the start of the relaxation, K is a constant and Tq is the time constant of the exponent.
99
It was assumed here that there was no non-zero asymptote. This assumption seems to hold from previously 100 published results on the logistic model [7, 16] . 111 Equations 1 and 3 consider that dP/dt = 0 when P = 0. Equations 2 and 4 assume that dP/dt = 0 when P = P end . 
129
Results
130
When dP/dt was plotted versus P(t), the relaxation curve appeared curvilinear before and after AMI. The 131 coefficient of determination (R 2 ) was 0.97 ± 0.02 using the quadratic model versus 0.73 ± 0.14 using the 132 monoexponential model, p < 0.001 (Fig. 2) . The time constant of the quadratic model, Tq, progressively 133 increased after AMI and significantly changed at T30, compared to baseline data (28.45 ± 0.96 vs. 25.40 ± 0.96 134 msec, p < 0.001) (Fig. 3) . Similarly, the time constant of the monoexponential model, Te, progressively 135 increased after AMI and significantly changed at T90, compared to baseline data (45.03 ± 1.59 vs. 39.36 ± 1.67 136 msec, p < 0.001) (Fig. 4) . The curvilinearity coefficient, K, progressively increased after AMI, as shown on 
145
Our results showed LV relaxation was better fit with the quadratic model than with the monoexponential model. corresponds to a linear relation between LV dP/dt and P while the LV relaxation curve appeared to be 156 curvilinear in the phase plane (Fig.1, 2) . 
166
The advantage of our quadratic model is that one parameter gives the rate of LV relaxation, while the second 167 reflects its non-uniformity. It accomplishes this outcome while also providing a continuous curve. 
273
Evolution of the LV isovolumic relaxation time (IVRT) during acute myocardial ischemia.
274 Table 1 275 276
Hemodynamic data. * p < 0.001 compared to baseline. CO = cardiac output; FE = LV ejection fraction; SAP = 277 systemic arterial blood pressure; HR = heart rate.
278
Appendix A
279
The time derivative of Equation 2 is:   280   281   T0  T30  T60  T90  T120  CO (mL/sec) 56,7 ± 2,8 52,1 ± 2,8 * 51,7 ± 2,5 * 52,9 ± 2,7 * 49,9 ± 2,0 * EF 0,52 ± 0,02 0,46 ± 0,02 * 0,45 ± 0,01 * 0,44 ± 0,01 * 0,41 ± 0,01 * SAP (mm Hg) 109 ± 12 98 ± 11 99 ± 10 100 ± 16 99 ± 17 HR (BPM) 100 ± 4 116 ± 4 * 120 ± 3 * 131 ± 4 * 136 ± 3 * 11 
